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A ..IZUMORING STRATEGY FOR BIOSYNTHESIZING ALL MONOSACCHARIDES 



(57) Abstract: In the rare sugar strategy of Izumoring 
(Fig. 1), it is intended to establish a reaction system of 
producing rare sugars of many types by acquiring an 
isomerase which acts various rare aldoses and, therefore, 
is most efficient in producing various rare ketoses. A DNA 
encoding the following protein (a) or (b). The above DNA 
which is L-rhamnose isomerase originating in Pseudomonas 
stutzerii. A protein comprising the amino acid sequence 
represented by SEQ ID NO:2. A process for producing a 
recombinant protein characterized by comprising culturing 
host cells containing an expression system allowing the 
expression of the above-described protein in a medium 
and collecting a recombinant protein having L-rhamnose 
isomerase activity from the thus obtained culture medium. A 
method of applying Fig. 1 to the production of a rare sugar 
characterized in that the location of a target rare sugar in the 
overall map of monosaccharides is understood and thus the 
optimum production pathway for the treatment of the above 
protein is designed. 
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f± N Pseudomonas stutzeri <D £EM~t~ % L- 7 Ay-^/f y^7 

#3§0J!^:|3V^T, fUffltS^fX^yy^ (Izumoring) Sg^EItt, >r 
X* y >-^C 6 (15 0, i&M 2003-1630) <E> * T © o # 5 
fcx X* Uy^C5 (H 6 j@i2 003-1631) <D^T»©0 

iiu*<k5g (D h <o -e tb Z> o 
20 Lfc-'^fyr ( Pseudomonas stutzeri ) ©L-7 ^ y — y y 7 — if 
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Strife 08*6$ ftTV^fc,, ^(DWi^'tf K^^r^i/bfc^T% 

•tz>fcm-mm\±m7Fis%ix^z> 0 nm^^^m^^i-rsttw^ 



WO 2004/063369 PCT/JP2004/000131 



£&>kl^fc N Pseudomonas stutzeri gp^^-?' £ L-7 .A / -^^V^? 

- if ^ - * -eji, v> fc $ t v > j& ^ o if l m^mts.m * mm-r z> 

#fif?«j5;»*Sr^Sbtft^ bfej$* x ft 5 £ fro it 

io Wiir&fly 

ftlJlfcfc. ^rft£^ K*#^ M*frMls J tti%:Tsi>>=i—ji«^bmWL-f5 £ 

15 i-s) ^rm^i; u-c. t^«t^?t5 ^ *y =n»as-c#5„ rft 

fc*flBt§i©fc5tt;!mflHe©fc3 feci UX^l^^|$ti T v^o 
5-fctt#«5§#fefc.fcoTttC*kft;fc 0 2 1 ifc^^^^^^-ftla 
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^*iJ/BT*£3r b&7j<m£tiX^Z 0 ^tm** 

io tLt«, &-km, mn, -mmz, ftmm%b*mnmmy!)<D-fri&ttttm 
mt L-xmrn^mxtozz. b*K #fF^c^5T^^^ii^«$ 

? ->&&nUftmifi^tiX\<^Z> b b h %7£Vkmm<, ^otM-** 

^ig^mm^ieiiLT, i&mvm&mmcDi&Tfc kzm&mmmmm* 
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5 fc, #fF:£jifc 9 Mfci, ^h^dry — — 3ffe5D- y/vtf; — ^ 
10 j&^ir&So 

— ;S\ Pseudomonas stutzerii LL172CQ^0i~ § A / — ^ ^ 7 
15 U) ffUB 

(n) ll^Itt 

25 - y y-^^ J;t>*L -drv-yl^n-^, L-vyy-7fej;t)?L-77 
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(^) ftm p H£>«fct>*Mjlp H 
f£/BpH{*7. 0 — 10. 0 ~efc 9 „ ^iip Ht± 9 . 0T°fo& o 
(-) pH^^ 

5 1 ^m^WLtim^. pH6. 0-11. 0 (D f5 

(-) m.&&m& 

10 4 Or, lO^fi^ttfct), 5 0°C, 10^ft)90%M 

15 c^) ^m-t^->-^^# 

i mMon/^h^tyia «5 m 3 0 %PS.W$tl,5o 

(P) SDS-PAGE^iaS^i 
114 3, 0 0 0T*&5 o 

20 WffJimi #»¥5-U 2 4 5 5f^« 

^fFZfcilfc 2 ^<2?HS 5 9-4 0 4 0 0f 

^fFlfciSfc 3 0 7-285871 

#1^5:^4 6 - 1 2 5 7 7 6fM 

#f*F:SC$fc 5 #^Bg 57-129671 -5§-^# 

25 #fF^6 #i¥4-19 8ll5fM 

^fF^Cjtfc 7 2000—103728 
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9 Wffisf 2 - 2 8 6 6 2 0 
^^fF^ifcl Tetrahedron, ^47#, No. 12/13, H2133H (1991^) 
^MSfFXlR 2 Acta. Chem. Scand. Ser. B. ^38^, No. 5, ^367K (1984) 

/ftiy^^T!) (Journal of Fermentati on and Bioengineering) J 
mS5m, 53975M541M (1998^) 

*L5£Si®gt#^-#£3£ (DM, Lffl) fcJ:!K ^it©i^5ii^T 
X.fcfD-drv'n— if fiD -dri^n — ^ £ D-3^>VH3— 

25 i^itsr^sif/it^i^jiot^s. 
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#IBS Pseudomonas stutzeri <DtkM~t~ A / — y^y- 

SfcMUJB-etrS «fc 5 fct«ii:«rl«ii:t8. . 

^^Wfi^ Pseudomonas stutzeri ©^Si~5L-^ A / — ^ 7 — 



#^93*3: Pseudomonas stutzerii O^jgi" 5 L-7 A /—^ofy^? — 
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#38 WW:* ±«,k5^»U^^f 57 ( Pseudomonas stutzerii LL1 
72) ©L-7.A;^^y^ 5r^- Ki-SJie^E^ISrar^Lyti: 

^■P-^^bL-^^y-^^CQ mmfcRfo % fk mir 5 Pseudomonas gtut 
zerii **OL-7A/-^^y^7^^a-Kf5DNAi, ^DNASrffi 

££>}3\ #fg9l# b W 25 3r"t~ Pseudomonas stutzeri (£)£i^-fr- 

*JV>Ttt, -fX^eyy^ (»1H) <d*p<d^ m&fc&iJ&*Mm-f Z&m 
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(1) £*T<£>(a)£fcte(b)C9^ K*t" 3 DNA. 
( a )@2#!## 2 ^tl§7^; miE^J/O^ b 5 * 

(2) @a#i#-$§-i foT$ti§ti^ijft< «^o^«^ia^j*/c» 

(3) ±15 ( 2)<DDNAt X h V i^ac^ f4*#TTM^!J ^XU 
DNA 0 

(4) Pseudomonas stutzerii ft?|5©L-7 A/-^^ y^ 7-f ffcS 
_tf2(lK (2)^fc«(3)ODNA 0 

(5) ±m<DL-? A/— y ^ ^-if « N ^T^tea-fti^Wtt©*- 
W-f- 5 BP3SfT? & § _h|E ( 4 ) <DDNA 0 

ffUBpHf±7. 0-10. OT'fe!), llpHfj:9. OffcS, 
(^) 

i^©pH-e4^ lNF^^r^bfcm^. pH6. 0-11. o<d|£ 
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(-) ftmm.m& xnmmum 

4 0°C, 1 O^T-tegc^LT^t?, 5 0°C. 1 O^T*t> 9 0 %£l±.% 

) =¥w— hm<Dmw 
( M &m-r 

1 mM©n/^ 9 &j 3 0 %PJ.#$tb§ 0 

(^) SDS-PAGEi(a5^i 
^4 3, 0 0 0 T*fe5, 



(8) L-yA/^^^y^y-if^ttli, ^To^Ste^ftttfC^ J: 
o X _kfB ( 6 ) £ tz. \t ( 7 ) ^ ? ff 0 

(*) ffflpH*5it;iipH 

#fflpHte7. 0-10. OTfeU, llpH(j:9. 0Tfe5 o 
(^) pH^tt 
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S^PHt'4X;, l«Pro««FLfc*h^ pH6. 0-11. 0 Oft 

(-) #fflm^*5J:t>*Mjg^ 
^M*tt4 0-6 5tlffcD, Mii?aSf*6 0°CT*&3 o 

(#o aL&sfcjett 

4 or. 10^l4$gLT*5D, 5 0°C. 10^t>9 0%K±» 
(^) df 

W SDS-PAGEiia5^i 
^4 3, 0 0 0 ffeS,, 

(9) _hfB(6K (7)*fe»(8)©^ ^/^fC fltRHMs Ky^ 
*mWtZ, TIBO(10)(Dm^x.-<^ ^ — its. 

(10) _h|B ( 1 ) fcV> L ( 5 ) <^Tft3>fB*©DNA&^tP*a&*.'«^ * - 0 

(11) ±12(6), (7)*fctt(8)©^>'^^K^3Sai-5i:i:dS*e# 

Tl3<^(l2)©^a^^^i/^^^0^3t^^^^g £ 

(12) -h|B(ll)©1t^»ljaSr«fifi^«F*b, #&ttS«Fil*^fcL-7 
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$b^^fc, &mWn, TfBO(13)<Z>^X*y is? (Izumoring) 5g 

(13) mim-v7jk£ti&4E.Mi&&t&¥mm. (dm> lio ^£9, m. 

(6), (7), (8)^fc«(9)<Z)^^^y K«r^**<5*©*»*4fea 
10 feK«rKtH-\5 £. i: 

(14) *4>ltf£j£flS*friI>8f:**£g-C fo 5 ±IB (13) ^^"feo 

(15) #^tt^^^^ftaR^ Ot'>i4lT*l)5 ±12 (13) * fc 
«(14)©^?fe 0 

(16) l»it5#^»X ^S^tt^^j^L^^«t-CfeS_blB(l 
15 3), (14)*fc«:(l5)<©^fe 0 

20 (D^:*^m^%m^-e#5o 
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mimtt, JX^rVl/Jf (Izumoring) il£tH|-e&5o 
5 ^2|g|ft N ^^^O Pseudomonas stutzerii LL172 & 3feCDI - v A/ — 

*4 yy y-ummzm-rz? >-;<?w*=t- v-tzmfc* (dna) <d 

W> 3 IU ft, ^fcffg tffi <£> Pseudomonas stutzerii LL172 3l&3f5<£>L-:7A/ 
— X^f 7— *fcf £i&£P<P Bacillus subtilis & 3fe(PT .-7 .A / — x ^ y 

10 y 7— for ^ smmm&ttmirzmffi-e&Zo 

04®ft N ^g^^C Pseudomonas stutzerii LL172 Ift^©L-7A/ 
~-X>f 7 t <&£P (D Streptmvces coelicolor ^ ft Therraotoga ma 
ritima^5fe(D*|^^(D*i^-f 7 — l^tt^ltt Wt"* 0ffiT?4> 5„ 

0 5 0ft, m 1 m<DTm<D^ x^e- y 6 ©tft9§En?a>3 0 
15 Jj?6l3ft N Iiict^^-fX^ijy/csoi^Stfe^o 

&7Bft, <ix*rv^y%m^xm\.r^ L-7^/-^^y^7-^ 

20 I8 0ft, -f X^E-p V^fcJflV^^bfc, L-7A/-^^y^7-f 
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Pseudomonas stutzerii %>Wi%fc r Pseudomonas stutzerii LL17 

te-fe^^— (H*i^iio< fimm i - i - i tf*»6) ^2oo 

4^1 J! 6 0 ^H^^teUTV^S (IPOD FERM BP-08593) „ &*3 % 
10 $H2LL172a£ 5 - i: jO*&5tfS % LL172 t LL172a{* m — MlkX* 

L-^ A y — ^ y y 7— if W\ L-7^/-^HL-7A=aa-^^ 
15 ftfe^"t*5#3{i"efo5 0 Pseudomonas stutzerii LL172CD^Mi~ ; 5L-7 A y 

— *>r y y D-rn-^^D-y^n-^oricittftct^ 

fcf'U D-l/i^-^^kD-T n— * Sr^jg-t" 3 J?> J3 N Pseu 
domonas stutzerii LL172ft3fe£>i|f^j&^-Cfc 3 „ 
20 Pseudomonas stutzerii LL172& A y 7*4 y y 7 — £ =1 — 

gift t> <2 5 ^ i: ^pj 5, a> i & 0 f c ^ ^-e & § o 



25 ^PK'V^L-7^;-^-fy^7-fa^ Pseudomonas stutzerii L 
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Wl<dt 5: y Sfc-cntfts*^ ' i m&,±(DT ^ sm&ttUa£fiT 

^5r^iiSMft5 0 **WW5atfi^ (DNA) H\ JhlBOL- 
^ Ay — y y 7— f^a- K-f«jfeSffianiSr^i-5 0 

So 

fi N Pseudomonas stutzerii LL172& ^(DL-=7 A/^^ f ^-^ 

Pseudomonas stutzerii LL172(D^r jg-j- ^ T _^ ^ / _ ^ ^ y ^ 



WO 2004/063369 — 
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HI, ^90tC^$^« o SltSttfig 1 , 2, 3tl„ 
5 ^ f> — D- y — £T>*D- ]) -fxi — * N D-Ta— *3o<fct)*D 

15 LTV^„ 

^PH»7. 0-10. SgpHte9. OT'fcSo 

(~) pHSIft 

i^r©pHt4^ imm&WVitm&, pH6. 0~11. 0©f& 

20 mx£fcxhz> 0 

(^) M?£5&tS: 
25 #UTV>S 0 
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(5 t A, if S14fiPl$ £ tbftV^ 
(5=-) ^JR-Y^^I^ 

lmM^n^/Pb^ty^J; <9^3 0%PJ.$$^6o 
5 (U) SDS-PAGEfe(Cj;5^i 

^4 3, 0 0 0 t?fc5 0 

*mW<DMMk ft SDNAi: LTtt, ia#J#-?§- 2 £ tl5 T 3: / mm 

mfrbtez* ie#i#-s§-2 \z.7Fisfrz>T ^ y Sffl^m&vN-c, 

15 -if^teSr^-TS * ^^I^a- K-t-5DNA2r#i§; LV^btf) i: UTM 



ifrbDNAte, ^r^DNASB^J'|f^^^^<5# N fcte^- 7 ^ 7 y — ft if 

^xy^WTtv^^y ^if-v'g ^frftv^ n^u-y^ 
^-r -fv #4 x-r^DNASr^-iii-s w i: \cx v % — *>r y^7 

-if8H££rW-r5* W^SC£ = - Ki~ <5 DNA # <5 n i: t>T*# 5 0 ^ 
25 ^5DNA&&#1-5fc£)<75^-r ^ 0 ^U^a y©^#i ITIi, M 

xifi, 42^T*<D^:/y £^1?— v-a ^ N &t>*ixssc, o. i%<Dsns&^ 



WO 2004/063369 _ ^T/JP2004/000131 



19 



JJ^>fif — ->g>\ RXFO. 1XSSC, 0. l%C9SDS£r^tfMiff$e^<fc3 65°C 

cosies ©^O^m^iiUm^-^^^r-C^ JLIB 



io K^* v/^ ^Mi ^^-n* L~C <5 t> (D &>tu;£ if <k 5 (DXh J; < , 
K^&fru^^fffijpg^frS %cD-ete&v^ a^sife-a^ ^-^SCte. it 

15 

1-53tfe J pC94t^$BJ&— <£>^Af3\ Davis (BASIC METHODS IN MOLECUL 
AR BIOLOGY, 1986) ^TJ^Sambrook b (MOLECULAR CLONING: A LABORATORY 
20 MANUAL, 2nd Ed. , Cold SpringHarbor Laboratory Press, Cold Spring 
Harbor, N. Y. , 1989) ft if < <DMm#)ts:mm.^ ~ ~ T/W£fBife£ 

25 
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5fc> ^-&-7 p 7^ 5; K*5fe> SV40O J; 5 te^tf^V^ /^x, y-Zx/^-Tf; 

10 

r* t h ? 9 *7 4 s 7 7-f — ^ — ^ n^b^^— N ^-f Kn^r^ 
7'*9 << b^nvf^77^- ^J^V^v^n-v h ^7 7 >r — Sr^- 
20 

**5«kt*8fT^3-/u) t^a^ttsr 4:#T»£Sa*, ::<0J&iSW:Sr© 
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L-7 7 fcV -^06Si$> 19 N ^W©7^ K— * tt#d>*t£j£3S£ 
tt5o h—Xt Itit ^*S#^EbT*5>3 N m<D& h — 

M^l4D-y;nf /^^tt:i55^)#v^/5^H^^o 1 foo^*^^{i^i> 
10 ^Ts -TX^yVi/ (Izumoring) ig^EI ^oV^I£9§-t- 3„ 

6 (Dmm±X^-otj:^rcmmm^4 X^E- y ^ (Izumoring) (D<£ 

15 y ^^c 6 o^too/j:^ v) t N x^e- y i/^c 5 ottooftas d t , 

otVN5riT?*S 0 £©#*.:£W:M-C;fc3„ «*»«r»^**Sfc 
20 ifSrtiSff 5„ 

T?3 4«^feD % TJV 1 <Jr h - tfS 8 ffiS, SfT/l^ 
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(y*K*3ii) ^D-y^ h-^{igi#(^i(^ t5tT . 

(DTE) *^5#*SrK£LTVN3£**»jtL& D *1H©T»:|8 
fttS^tTfe^ -;ft£T*l^^T#ft^ofcD-y^ 

^O^^cD^Jt^^^L. ^f^Uy^ (Izumoring) «b£#ttfc 0 
-<DM5lUSrJ:<^ J T^5<i:, iiiaifcLMs ^^dSL XA/^^d 

^ (Izumoring) ©flfffifi, ^TO^.^CO^^O^ffgJ^t^oTV^'S 
&OWX\ D-^a-**^^ LTL-^n^ 
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iit^eoo^i (^^y^-^) ©^X^yy^ (Izumoring) * 

^ l| ^ 6 °W (^*y-*) O^X*yy>/ (Izumoring) <D 
fi^St&S^ (DI, LI) f^T 

^T#**R*T*Sftf*i,S 0 *ft»7BR*fi:, Jlttftj**;© 
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^ h-/W3J:tJWX^y ^C4©xjj *y h-;^o^ oT ^§ o 
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#««©*^«f«r^m-t-*Sli&Srlfta:i-S n £ flSWIBi: fcofc. i-J&t> 
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mm-rz zttmmznfcm&fcRfonm 7 m**^mx*7jkLtzh for- 
th % 0 —Xs SttWW-ei^^ofc^it, ^:v^^m-e^bfc 

mmmi 

Pseudomonas stutzerii LL172 & 5feL-7 A y — 7, -f y y y — ^SH'fc^F- 
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*m - AL6ANLARRGVD I 

GAGGCCGTCACGGCCAAGGTC6AAAAGTTCTTCGTCGCC6TCCCCTCCTGGGGCGTCGGC 1 80 
EAVTAKVEKFFVAVPSWGVG 60 



40 



ACGGGCGGCACGCGCTTTGCGCGCTTCCCCGGCACCGGCGAGCCGCGCGGCATCTTCGAC 240 

TGGTRFARFPGTGEPRG I FD 80 

AAGCTGGACGACTGCGCCGTCATCCAGCAGCTGACACGCGCCACGCCCAAT6TCTCGCTG 300 

KLDDCAV I QQLTRATPNVSL 100 

CATATTCCGTGGGACAAGGCCGATCCGAAGGAGCTGAAGGCCAGGGGCGACGCCCTCGGC 
101 H I PWDKADPKELKARGDALG 
361 CTCGGCTTCGACGCGATGAAC^CMTACCTTCTCCGATGCGCCCGGCCAGGCGCATTCC 



121 
421 
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541 
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AATCTGGAATGCATCGAGATCGGCAAGGCCATCGGCTCCAAGGCGCTGACGGTCTGGATC 540 
N L E C I E I GKAIGSKALTVWI 180 

GGTGACGGCTCCAACTTCCCCGGCCAGAGTAACTTCACCAGGGCTTTCGAACGTTATCTC 
GDGSNFPGOSNFTRAFERYL 
TCGGCGATGGCGGAGATCTACAAGGGCCTGCCGGATGACTGGAAGCTGTTCTCCGAGCAC 



360 
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420 
140 
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SAMAE I YKGLPDDWKLFSEH 220 

oo! ^f/ 6 ™ 0 ^ 720 

221KMYEPAFYSTVVQDWGTNYL 240 

72 ATCGCCCAGACGCTCGGCCCCAAGGCCCAGTGCCTCGTCGATCTCGGCCATCACGCGCCG 780 
241 I A Q T L G P K A Q n ' •• - - 



III ^ CACCAATATC6 ^^ 840 
261 NTN ! EM I V.ARL I OFGKLGGF 280 

841 CATTTCAACGATTCCAAATACGGCGACGACGACCTCGATGCCGGCGCCATCGAGCCCTAT ^" 
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HFMDSKYGDD D L "d'a'TTT'TTT' 300 
CGCCTCTTCCTCGTCTTCAACGAGCTGGTGGATGCGGAGGCGCGCGGCGTCAAGGGCTTC 960 

RLFLVFNEL VDAEARGVKGF 320 

961 CACCCGGCCCACATG^^^^^^^^^^ACCGACCCGATCGAGAGCCTGATC 1020 

1021 MCAGCGCGMCGAAATCCGTCGCG^ ^ 

341 NSANE I RRAYAQALLVDRAA 360 

1081 CTTTCCGGCTACCAGGAGGACAACGACGCCCTGATGGCGACGGAAACGTTGAAGCGCGCC 1140 

^ !:..!._ G .. Y 0 E D N D A L M ^HHB »m 

381 



380 
1200 

1201 6A^C^^A^^^C^^^C^«^^^^LcGCCCC 1260 
401DPVATYRASGYRARVAAERP Aon 
1261 GCCTCCGTCGCGGGTGGCGGCGGCATCATCTGA 1293 
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|T I k|nYDS1KQAYEKWG I DVEE|lRQLEQVP I S ! HCWq|)^GFEVNKGELSGG I D|T 60 

SWGV|TGG|RFARFPGTGEPRG I FDKLDDCAV I QQLTRATPNVSLH I PWDKADPKELKAR 1 1 5 

GNYPpAQlPEELRRDLEKALSL I PGKHRVNLHA I YAETNREAVERDELKPOHFENWVKW 1 20 

GDA^HF|AMNSNTFSDAPGQAHSYKYGSHTjAAT|AQAVE|NLE|lEBKAl|SKA 175 

AKN^RL|FNPTLFSHEKAADGLT HPIPD I |EFW I R|C I A#*R|lEYF|<EL 1 75 

L|/W I gdgsnfpIqsnftr — afe|ylsamae|y-kglpddwk|f|- |h|myepafy| 229 

G|PCLTN I W I PD|YKD I PSDRLTPRKi-KESLDR^SEE I SEQHNf)gl |Si_FGL6SE| 235 

TSODWGTNYL I |QT|GPKAQ||V|lB-|APN|N I EM|VAR|l QFGIIGGFIFNDSKYG 288 

Y^-GSHEFYi4MfrNHKL&§r^ 292 

|)|LDAGA I EPY|LFLVFN|LVDAEA|GVKGFHPfcM I jQSHNVTDP I ESL I NSANE I RR 348 

|spVVVLDDEL| gl ALE I v||NHALEKV§I GL§FFDAS I NRVAAWT I GTRNM I K 346 
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Rh I jjAEFR I AQDVVAREMDRRASALKEDYEALGANLARRGVD I EAVTAKVEKFFVAVHGVG 60 

SISTR jTE LAAVKAALKTQAVETSAYG 24 

SITHE Ml NMERIFKELDELKFEl^VFS 24 

RhI TGHar|>G1^P|G I iDKLDlcf/ I QQlJRATiisnnCA-DPK^ARGDAL 119 

SISTR NSl|l|KV|AQFM 84 

S I THE DA^AVlHEE|AA|lvlER I E|A|.VHRL|GCc|s|A^B<VENWEEpEFAEEK 84 

RhI i^^PfB^I^^^^^^HTDAAT|A^EpiLA I E jGKA I jl|KALTVi 179 

SISTR §VRIG|l ^p Qi) DiRLtf I CHPDMV|rK|VdIllBvMMDA1pRDLKl| 139 

SITHE |LKIG|I^Q|P- d|ky||LTNPSEK • |kk| I AgVRQVI^AEKT JlCV I SL§ 139 

RhI IG^NFMSNFTRAF^ 239 
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1 0 



Tetoses (HfitSI) 9 Pentoses 16 

"•■■"* i s«« «... 



D-Glycer- 
aldehyde 



< 



Hexoses(yA;St$t)34 



D-Erythrose 1 



D-Threose 2 



L-Glycr- 
aldehyde ^ 



L-Erythrose 3 



L-Threose 4 



Total 4 



|D-Ribose 1 
I D-Arabinose 2 

jD-Xylose 3 

i D-Lyxose 4 

i L-Ribose 5 
L-Arabinose 6 
- s L-Xylose 7 
1 L-Lyxose 8 

- Total 8 



Dihydroxy- _ 
acetone I 



D-Erythrulose5 f 



L-Erythrulose6 

— Total 2 




[D-Erythtitol 



SD-lhreitol 



1 D-Ribulose 9 
D-Xylulose 10 

|L-Ribulose 11 
jL-Xylulose 12 

| Total 4 



Glycerol 



SL-Eiythritol 



(7) 



jD-Ribitol 13 
D-Arabitol 14 
ID-Xylitol 15 



gL-Threitol 



Total 3 



[D-Lyxitol (14) 

L-Ribitol (13) 
| L-Arabitol 16 
L-Xylitol (15) 
jl^Lyxitol (16) 
• Total 4 



D-Allose 

D-Altrose 

D-Glucose 

D-Mannose 

D-Grulose 

D-Idose 

D-Galactose 

D-Talose 

L-AUose 

L-Altrose 

L-Glucose 

L-Mannose 

L-Gulose 

L-Idose 

L-Galactose 

L-Talose 

Total 16 • 



1 

2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 



D-Fructose 17 

D-Psicose 18 

D-Sorbose 19 

D-Tagatose 20 

L-Fructose 21 

L-Psicose 22 

L-Sorbose 23 

L-Tagatose 24 

— - Total 8 



D-Allitol 25 

D-Altritol 26 

D-Glucitol 27 

D-Mannitol 28 

D-Gulitol 29 

D-Iditol 30 
D-Galactitol 31 

D-Talitol (26) 

L-Allitol (25) 

L-Altritol 32 

L-Glucitol (29) 

L-Mannitol 33 

L-Gulitol (27) 

L-Iditol 34 

I^Galactitol (31) 

L-Talitol (32) 

Total 10 — 



[L-Series] 



Aldoses 



[D-Series] 



[D-Series] 



Ketoses 



[L-Series] 



[D-Series] 



Polyols 



[L-Series] 
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SEQUENCE LISTING 
<110> JAPAN REPRESENTED BY PRESIDENT OF KAGAWA UNIVERSITY 
<120> DNA sequence of L-rhamnose isomerase and its usage 
<130> PCT-04-IT01 
<160> 2 

<210> 1 
<211> 1290 
<212> DNA 

<213> Pseudomonas stutzer i i 
<400> 1 

ATG GCT GAA TTC AGG ATC GCT CAG GAT GTC GTT GCG CGG GAA AAC GAC AGG 
CGC GCC TCG GCG CTG AAG GAA GAC TAC GAG GCG CTC GGC GCG AAT CTC GCC 
CGC CGT GGC GTC GAC ATC GAG GCC GTC ACG GCC AAG GTC GAA AAG TTC TTC 
GTC GCC GTC CCC TCC TGG GGC GTC GGC ACG GGC GGC ACG CGC TTT GCG CGC 
TTC CCC GGC ACC GGC GAG CCG CGC GGC ATC TTC GAC AAG CTG GAC GAC TGC 
GCC GTC ATC CAG CAG CTG ACA CGC GCC ACG CCC AAT GTC TCG CTG CAT ATT 
CCG TGG GAC AAG GCC GAT CCG AAG GAG CTG AAG GCC AGG GGC GAC GCC CTC 
GGC CTC GGC TTC GAC GCG ATG AAC TCC AAT ACC TTC TCC GAT GCG CCC GGC 
CAG GCG CAT TCC TAC AAA TAC GGC TCG CTC AGC CAC ACG GAT GCG GCA ACG 
CGC GCC CAG GCG GTC GAG CAC AAT CTG GAA TGC ATC GAG ATC GGC AAG GCC 
ATC GGC TCC AAG GCG CTG ACG GTC TGG ATC GGT GAC GGC TCC AAC TTC CCC 
GGC CAG AGT AAC TTC ACC AGG GCT TTC GAA CGT TAT CTC TCG GCG ATG GCG 
GAG ATC TAC AAG GGC CTG CCG GAT GAC TGG AAG CTG TTC TCC GAG CAC AAG 
ATG TAC GAG CCG GCC TTC TAT TCG ACC GTC GTG CAG GAC TGG GGC ACG AAT 
TAT CTC ATC GCC CAG ACG CTC GGC CCC AAG GCC CAG TGC CTC GTC GAT CTC 
GGC CAT CAC GCG CCG AAC ACC AAT ATC GAG ATG ATC GTC GCC CGG CTC ATC 
CAG TTC GGC AAG CTC GGC GGC TTC CAT TTC AAC GAT TCC AAA TAC GGC GAC 
GAC GAC CTC GAT GCC GGC GCC ATC GAG CCC TAT CGC CTC TTC CTC GTC TTC 
AAC GAG CTG GTG GAT GCG GAG GCG CGC GGC GTC AAG GGC TTC CAC CCG GCC 
CAC ATG ATC GAC CAG TCG CAC AAC GTC ACC GAC CCG ATC GAG AGC CTG ATC 
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1020 

AAC AGO 6CG AAC GAA ATC CGT CGC GCC TAT GCG CAG GCC CTC CTT GTC GAC 

CGC GCG GCG CTT TCC GGC TAC CAG GAG GAC AAC GAC GCC CTG ATG GCG ACG 
1080 

GAA ACG TTG AAG CGC GCC TAC CGT ACC GAT GTG GAG CCG ATC CTC GCC GAG 

1140 

GCC CGC CGC CGC ACG GGC GGC GCC GTC GAC CCC GTC GCG ACC TAT CGG GCC 

1200 

AGC GGC TAC CGC GCC AGG GTC GCC GCC GAG CGC CCC GCC TCC GTC GCG GGT 

1260 

GGC GGC GGC ATC ATC 
1290 



<210> 2 

<211> 430 
<212> PRT 

<213> Pseudomonas stutzerii 
<400> 2 



Met 


Ala 


Glu 


Phe 


Arg 


lie 


Ala Gin 


Asp Val Val 


Ala 


Arg Glu 


Asn 


Asp 


Arg 


Arg 


1 








5 






10 




15 


Ala 


Ser 


Ala 


Leu 


Lys 


Glu 


Asp Tyr 


Glu Ala Leu 


Gly 


Ala Asn 


Leu 


Ala 


Arg 


Arg 




20 








25 




30 








35 


Gly 


Val 


Asp 


Me 


Glu 


Ala 


Val Thr 


Ala Lys Val 


Glu 


Lys Phe 


Phe 


Val 


Ala 


Val 






40 








45 




50 










Pro 


Ser 


Trp 


Gly 


Val 


Gly 


Thr Gly 


Gly Thr Arg 


Phe 


Ala Arg 


Phe 


Pro 


Gly 


Thr 


55 










60 




65 






70 




Gly 


Glu 


Pro 


Arg 


Gly 


lie 


Phe Asp 


Lys Leu Asp 


Asp 


Cys Ala 


Val 


Me 


Gin 


Gin 






75 








80 


85 








90 


Leu 


Thr 


Arg 


Ala 


Thr 


Pro 


Asn Val 


Ser Leu His 


Me 


Pro Trp 


Asp 


Lys 


Ala 


Asp 










95 






100 




105 






Pro 


Lys 


Glu 


Leu 


Lys 


Ala 


Arg Gly 


Asp Ala Leu 


Gly 


Leu Gly 


Phe 


Asp 


Ala 


Met 




110 










115 


120 




125 




Asn 


Ser 


Asn 


Thr 


Phe 


Ser 


Asp Ala 


Pro Gly Gin 


Ala 


His Ser 


Tyr 


Lys 


Tyr 


Gly 








130 






135 




140 


Ser 


Leu 


Ser 


His 


Thr 


Asp 


Ala Ala 


Thr Arg Ala 


Gin 


Ala Val 


Glu 


His 


Asn 


Leu 


145 










150 




155 








160 






Glu 


Cys 


lie 


Glu 


lie 


Gly 


Lys Ala 


1 le Gly Ser 


Lys 


Ala Leu 


Thr 


Val 


Trp 


Me 






165 








170 


175 






180 


Gly 


Asp 


Gly 


Ser 


Asn 


Phe 


Pro Gly 


Gin Ser Asn 


Phe 


Thr Arg 


Ala 


Phe 


Glu 


Arg 








185 




190 




195 






Tyr 


Leu 


Ser 


Ala 


Met 


Ala 


Glu lie 


Tyr Lys Gly 


Leu 


Pro Asp 


Asp 


Trp 


Lys 


Leu 




200 










205 


210 


215 




Phe 


Ser 


Glu 


His 


Lys 


Met 


Tyr Glu 


Pro Ala Phe 


Tyr 


Ser Thr 


Val 


Val 


Gin 


Asp 








220 








225 


230 








Trp 


Gly 


Thr 


Asn 


Tyr 


Leu 


lie Ala 


Gin Thr Leu 


Gly 


Pro Lys 


Ala 


Gin 


Cys 


Leu 


235 








240 




245 




250 




Val 


Asp 


Leu 


Gly 


His 


His 


Ala Pro 


Asn Thr Asn 


Me 


Glu Met 


Me 


Val 


Ala 


Arg 




255 








260 






265 








270 


Leu 


lie 


Gin 


Phe 


Gly 


Lys 


Leu Gly 


Gly Phe His 


Phe 


Asn Asp 


Ser 


Lys 


Tyr 


Gly 










275 




280 




285 
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Asp Asp Asp Leu Asp Ala Gly Ala lie Glu Pro Tyr Arg Leu Phe Leu Val Phe 

290 295 300 " 305 

Asn Glu Leu Val Asp Ala Glu Ala Arg Gly Val Lys Gly Phe His Pro Ala His 

310 315 320 

Met Me Asp Gin Ser His Asn Val Thr Asp Pro Me Glu Ser Leu Me Asn Ser 
325 330 335 340 

Ala Asn Glu Me Arg Arg Ala Tyr Ala Gin Ala Leu Leu Val Asp Arg Ala Ala 
345 350 355 360 

Leu Ser Gly Tyr Gin Glu Asp Asn Asp Ala Leu Met Ala Thr Glu Thr Leu Lys 

365 370 375 

Arg Ala Tyr Arg Thr Asp Val Glu Pro Me Leu Ala Glu Ala Arg Arg Arg Thr 

380 385 390 395 

Gly Gly Ala Val Asp Pro Val Ala Thr Tyr Arg Ala Ser Gly Tyr Arg Ala Arg 

400 405 410 

Val Ala Ala Glu Arg Pro Ala Ser Val Ala Gly Gly Gly Gly lie Me 
415 420 425 430 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 C12N15/09, C12N1/21, C12N9/90 



International application No. 

PCT/JP2004/0 00131 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 C12N1/00-C12N15/90 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CA/REGISTRY/BIOSIS/MEDLINE/WPI (STN) , GenBank/DDBJ/EMBL/GenSeq, 
Swi s s Prot / PI R/GenS eq 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


Bhuiyan, S.H., et al., Preparation of L-Talose 
and D-Gulose from L-Tagatose and D-Sorbose, 
Respectively, Using Immobilized d-Phamnose 
Isomerase., J. Biosci. Bioeng. , 1999, Vol. 88, 
No. 5, pages 567 to 570 


1- 


■12 


X 


Bhuiyan, S.H., et al., Immnobilization of L-Pham 
nose Isomerase and Its Application in L-Mannose 
Production from L-Fructose . , J. Ferment. Bioeng. , 
1997, Vol.84, No. 6, pages 558 to 562 


1- 


12 


X 


Bhuiyan, S.H., et al., D-Allose Production from 
D-Psicose Using Immobilized L-Phamnose Isomerase., 
J. Ferment. Bioeng., 1998, Vol.85, No. 5, pages 539 
to 541 


1- 


12 



Further documents are listed in the continuation of Box C. Q See patent family 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier application or patent but published on or after the international 
filing date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"CP document referring to an oral disclosure, use, exhibition or other means 
"P" document published prior to the international til ing date but later than 
the priority date claimed 



T later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance; the cl ai med invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

"& M document member of the same patent family 



Date of the actual completion of the international search 
19 March, 2004 (19.03.04) 


Date of mailing of the international search report 
06 April, 2004 (06.04.04) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No 
Form PCT/ISA/210 (second sheeO CJanuarv ^nn^ 


Authorized officer 
Telephone No. 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/000131 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Bhuiyan, S.H., et al., Isolation of an L-Rhamnose- 
Isomerase-Constitutive Mutant of Pseudomonas.sp. 
Strain LL 172; Purification and Characterization 
of the Enzyme., J. Ferment . Bioeng . , 1997, Vol.84, 
No. 4, pages 319 to 323 



1-12 



Form PCT/JSA/2I0 (continuation of second sheet) (January 2004) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/000131 



Box No. I Nucleotide and/or amino acid sequence^) (Continuation of iteml.b of the first sheet) 



1 . With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the claimed 
invention, the international search was carried out on the basis of: 

a type of material 

a sequence listing 

table(s) related to the sequence listing 

b. format of material 

in written format 

in computer readable form 

a time of fUmg/furnishing 

contained in the international application as filed 
QD filed together with the international application in computer readable form 
□ furnished subsequently to this Authority for the purposes of search 

2. [x] In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been filed 

or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the 
application as filed or does not go beyond the application as filed, as appropriate, were furnished. 



3. Additional comments: 



Form PCT/ISA/210 (continuation of first sheet (I)) (January 2004) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/000131 



Box No. H Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
L QO Claims Nos.: 13-16 

because they relate to subject matter not required to be searched by this Authority, namely* 
The inventions as set forth in claims 13 to 16 pertainto * scheme or methods 
of performing purely mental act" and thus relate to a subject matter which 
this International Searching Authority is not required to search 



2.Q 



Claims Nos.: 



because they relate to parts of the international application that do not comply with the prescribed requirements to such 
extent that no meaningful international search can be carried out, specifically: 



an 



3-D 

Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the 



and third sentences of Rule 6.4(a). 



Box No. ID Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 



J - □ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2 I — I 

Asall searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of 
any additional fee, 

3 I — I 

• l_J As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 



4 - □ No required additional search fees were timely paid by the applicant Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest f I jj-i.* i , r. 

i — i l he additional search fees were accompanied by the applicant's protest. 

CH No protest accompanied the payment of additional search fees. 



Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004) 



PCT^P2004/00 0 1 3 1 



I n t C 1 7 C1 2N1 5/09, C1 2N1 /21 , C1 2N9/90 



WE4rfjofc*/hBWH. mmm&& a po ) 



I n t CI 7 C1 2N1 /00-C1 2N1 5/90 



CA/REGISTRY/BIOSIS/MEDLINE/WPKSTN) 
GenBank/DDBJ/EMBL/ GenSeq, SwissProt/PIR/GenSeq 



Bhuiyan, S. K, et al., 
Preparation of L-Talose and OGulose from L-Tagatose and 
D-Sorbose, Respectively, Using Immobilized d-Rhamnose Isomerase 
J. Biosci. Bioeng, 1999. Vol.8a No.5. pp567-570 



Bhuiyan, S. K, et al, 

Immnobflization of L-Rhamnose Isomerase and Its Application in 

L-Mannose Production from L-Fructose. 

J. Ferment. Bioeng. 1997, Vol.84, No.6, pp558-562 • 



1-12 



1-12 



t><£> 



r-Tj H»HWHXtt«6B*»c^«E**i,fc3cil*T?*oT 
r&j [f?]-x^ y h77 5 y — iscgfc 



1 9. 03. 2004 




0*H4#lf^ (I SA/J P) 
©•(S#-§- 100-8915 


EH<4=> — fip 

flfS#-§- 03 — 3581-1101 F 1 


4B 


9636 


4ft 3446 



iS:PCT/ISA/2 10 (^2^) (2004¥l^) 



BURtfUMre PCT 



• 



2 0 QA/O 0 0 13 1 



c 



x 



X 



Bhuiyan, S. H, et ah 

D-AHose Production from D-Psicose Using Immobilized L-Rhamnose 
Isomerase. 

J. Ferment Bioeng., 1998, Vo!85, No.5, pp539-541 



Bhuiyan, S. H* et a!, 

Isolation of an L-Rhamnose Isomerase-Constitutive Mutant of 
Pseudomonas. sp. Strain LL172: Purification and Characterization of 
the Enzyme. 

J. Ferment Bioeng., 1997, Vol.84, No.4, pp3 19-323 



1-1 2 



1 2 



miZFCT/ 1 SA/2 1 0 <ffi2'<— dtoffi*) (2004fU) 



tiim^ PCT^>2004/000 1 3 1 



a. [X] i^Oft 

b. y*—sry h □ 

[X] a^f a-^gg^D-BTffi*^ 

2. [x] § b {c % B9«fe:zttS7U*t=B«Ki-fi ^-y/HSrfitti HjM&KfSW LfcBJIHSr b < »*ii*P LTHtiJ 



3. Jt&jgJE,: 



iSPCT/ISA/2 10 (1) ) (2004^1^) 



# , -at 

m^mmm-^ pctWp 



2 0 0 4/0 0 0 13 1 



JVC L>*c£/9*0 fco 



3 . □ g^^gffl — f±» WK» *©«SfflT?Jfco T P C T3MB6. 4 (a) OS? 2 3 *©«Jfefc 

1ft o TIE® 3 TbT V ^t£ V \, 



1- 1=1 5f^f s ^s^i^^^sr-r^Tfflrart^#bfcoT% r©B(^»&tt, i-^-co^pr«B*a* 



^PCT/ISA/2 10 (*l^-5?<0«gj| (2) ) <2004*F1£) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



kl FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked^please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




